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1. Introduction 
Following a request made by NEAFC at its mid-term meeting in 
Hamburg on 4-8 November 1974, to advise on a TAC for Mackerel 
in the ICES statistical areas IlIa and IV for 1976, the Mackerel 
Working Group met in Bergen 10 - 11 March, 1975. 
The following members participated: 
Mr. E. Bakken 
Dr. J. Gueguen 
Mr. J. Hamre (Chairman) 
Dr. S. Lockwood 
~ lr . S. Muncn-Petersen 
Hr. K. Postuma 
Mr. E.S. Prosvirov 
Mr. A. Revheim 
.i'·lr. A. Saville 
Mr. H. Vo1odarsky 
x) General Secretary 
ICES 
2920 CHARLOTTENLU~m 
Denmark 
Norway 
France 
Norway 
U.K. (England) 
Denmark 
Netherlands 
U.S.S.R. 
Norway 
U.K. (Scotland) 
U.S.S.R. 
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As pointed out in the previous report of this Working Group 
(CM 1974/H:2)in the NEAFC area there are two major stocks of 
mackerel,one spawning in the North Sea and another spawning in 
the Celtic Sea. In the part of sub-area IV north of 600 N there 
is a major fishery which exploits a population to which both 
stocks contribute. Therefore in considering the TAC for sub-
area IV and division IlIa it was necessary for the working group 
to take into consideration both stocks and the extent of their 
mixing in the Shetl~nd area. 
2. The fisheries 
2.1. The North Sea, Skagerak and Kattegat 
The development of the mackerel fishery in these waters (ICES 
statistical sub-area IV and IlIa) during the last decade has 
been outlined in the previous report by the Mackerel ~orking 
Group. 
The total landings of mackerel, increased greatly from 1972 to 
1973 when the landings were about 376 000 tons (Table 1). This 
is nearly 20 000 tons less than the estimates given in the previous 
report. Only preliminary catch data are available for 1974, and 
for some countries no informatio~ could be obtained. Based on 
the data reported to the working group and assuming national 
catches equal to those of 1973 when data are lacking, the total 
catch of mackerel was about 326 000 tons in 1974. 
The 1974 catch is about 14% less than in 1973. This reduction is 
mainly due to the restrictions in the Norwegian mackerel fishery, 
as the national quota was lowered by 40 000 tons compared to 1973. 
As shown in Table 3c, the bulk of the catch was taken in July -
September in the Shetland area (ICES d~vision IVa). 
The only significant increase in national catch in 1974 was shown 
by the Faroe Islands. 
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2.2. The ~vestern area 
In this area (ICES sub-areas VI and VII) the total catch increased 
both in 1972 and 1973 (Table 2) and the catch in 1973 was about 
170 000 tons. This is twice the quantity of 1971. 
The oatoh by Ireland in 1974 was assumed to be at least as large as that 
of 1973. The total oatoh in 1974, therefore, is likely to be slightly 
higher than that of 1973 at around 178 000 tons. 
3. Stock Distribution in the NEAFC area 
As pointed out in the previous report of the Mackerel Working Group 
the two major spawning stocks mix in the Shetland area. Recent data 
from tagging experiments have provided additional information on 
the extent of this mixing (HAMRE, in press). These tag returns 
suggest that, after spawning, a major component of both stocks 
migrate to the area around Shetland where they mix, during July 
and August, in proportions relative to the size of the two stocks. 
After August the western component withdraws from this area, and 
throughout the rest of the year the mackerel population in sub-
area IV can be regarded as belonging solely to the North Sea stock. 
4. Stock Sizes 
4.1. North Sea Stock 
Estimates of the size of the North Sea stock are almost entirely based 
on Norwegian tagging experiments, carried out annually in August in 
each year, over the period 1969 - 1974. During these experiments 
40 630 fish WEe tagged and released of which 5 215 had been returned 
up to 31 December 1974. The methods used to calculate the survival 
rate, and fishing mortality rate, using these tag return data are 
described by HAMRE (in press). In the previous report of the 
working group a provisional estimate of the size of the stock in 
1973 derived from such tagging data was given of 1090 x 10 3 tons. 
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Subsequent returns from these experiments have led to a revision 
of this esti~ate to 1360 x 10 3 tons. This is considered a reliable 
esti~ate of the stock size at 31 August 1973, and is the last 
data for which a reliable stock size estimate can be given (Table 4). 
4.2. The Western Stock 
The estimate of stock size in the Western area is somewhat less 
reliable than for the North Sea. This is based on a total of 
32 864 tags distributed over annual releases in May, in the 
period 1970 - 1974. Of these only 607 tags had been returned up 
to th~ end of 1974. These results, however, suggest that the stock 
size in this area was of the order of 3 000 000 tons in 1973. 
5. Fishing Mortality Rates 
From all experiments in the two areas mean estimates of the fishing 
mortality rates in 1973 - 1974 of the two stocks are: North Sea 
stock 0.175 Western stock 0.05 (Table 5). The fishing mortality 
rate estimated directly from the tagging data for the western 
stock refers only to that generated in division IVa: for the stock 
as a whole the total fishing mortality is estimated as about 
0.10 These results suggest that the fishing mortality rate in 
the Western stock is about half that of the North Sea stock. 
6. The Estimation of Total Allowable Catch (TAC) 
The estimate of the total allowable catch is dependent on two 
factors: 
a) the fishing mortality rate which should be applied to the stock 
to obtain the required management objective. 
b) an estimate of the stock size in the year in question . 
These two factors are discussed below. 
a) Fishing mortality 
The yield per recruit, at the current age of first capture of 
2 years, is given as Figure 1. This shows that, on the assumption 
that recruitment is independent of stock size, the yield from a 
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stock will not decrease at high levels of fishing mortality. 
However, high values of fishing mortality will se'rious1y reduce 
the size of the spawning stock, which may reduce recruitment. 
Recruitment to the North Sea mackerel stock has been at a rather 
low level since the 1969-yearc1ass recruited in 1971-72. The 
maintenance of an adequate spawning stock in that area, therefore 
should be a prime consideration. The estimated sustainable yield 
.at various levels of fishing mortality, in the situation where 
recruitment is dependent on stock size, is shown in Figure 2 
for what is considered the likely value of the coefficient b in 
the Beverton '& Ho1 t stock-recruitment relationship (HAMRE and 
ULLTANG, 1972). In this situation the greatest yield is taken 
at a value of fishing mortality of 0.2. Referring to Figure 1 
it can be seen that the yield per recruit at this value of F is 
only about 20% less than the maximum. In the current stock 
situation the working group considers that it would be advisable 
to apply a TAC calculated at this value of F rather than risk a 
breakdown of the stock and the fishery, due to the establishment 
of a relationship between recruitment and stock size. The estimate 
of F for the North Sea stock, given in paragraph 5, is already very 
close to the value given above as providing the optimum yield 
where recruitment is a function of stock size. In the Western 
stock the estimated F in 1973 was well below that value. Priority 
therefore should be placed on restricting further increase of 
fishing effort in the North Sea stock. 
b) Size of North Sea stock in 1976 
The last reliable estimate of the North Sea stock is that given 
for 1973 in paragraph 4.1, of 1 360 000 tons. From the catch 
statistics for 1973 and 1974 it is estimated that 825 000 tons of 
this stock will remain at 1 January 1975. AssuIT.ing maintenance of 
the 1974 fishing mortality rate in 1975, and a natural mortality 
rate of 0.2, this stock will be redu~ed to 544 000 tons by 
1 January 1976. To this must be added an estimate of recruitment 
in the years 1974 - 1976. This recruitment will chiefly be derived 
from the 1972 and 1973 yearc1asses both of which, on current 
indications, are of about the same order of size as the 1970 and 
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1971 yearclasses. It is estimated that these two yearclasses will 
add about 256 000 tons to the residual of the 1973 stock by 1976. 
On this basis the total stock size for the North Sea stock in 
1976 is estimated at 800 000 tons. 
7. Total Allowable Catches 
7.1. The TAC for the North Sea and SkageU3.k in 1976 
From the size of the North Sea stock and the optimum fishing. 
mortality rate, given in paragraph 6, the estimate of the TAC form 
this stock is 132 000 tons. This is an estimate only of the TAC 
which should be taken from that stock in these areas. In addition 
in sub-area IV there is a fishery in July and August around Shetland 
which exploits a population consisting of a mixture of North 
Sea and Western stocks. The contribution from the Western stock 
to the Shetland catches in July-August in 1973 and 1974 was 
approximately 70% of the total catch in these months. The overall 
TAC which can be taken from region IV and IlIa is therefore largely 
dependent on the proportion of the TAC for the North Sea stock 
which is taken in July-August in the Shetland area. The Working 
Group considers, however, that 50 000 tons of the North Sea stock 
TAC should be allocated to the Shetland area, and 82 000 tons to 
sub-area IV and division IlIa south of 60oN. On this basis the 
overall TAC of sub-area IV and division IlIa would be 249 000 tons 
of which 167 000 tons must be taken north of 60 oN, for the whole 
of 1976. It must be stressed, however, that the overall TAC for 
this sub-area and division must be taken, in the proportions given, 
from the areas north and south of 60oN. If it was all to be taken 
from the area south of 60oN, and thus only from the North Sea 
stock that stock would be very heavily over-exploited. 
7.2. The TAC for Sub-Areas VI and VII 
In earlier p~ragraphs it was stated that the best available .estimate 
of the fishing mortality rate of the Western stock in 1973 was 
considerably below the rate given above as th~t for the maximum 
sustainable yield. However, the exploitation rate of this stock 
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has been increasing in recent years and it must be expected that 
with maintenance of these catch levels the size of this stock 
will slowly decline. Moreover with all other pelagic fish 
stocks in the NEAFC area being under either actual or projected 
quota regulation it would seem most unlikely that the fishing 
effort on this w~stern stock will not increase if it is left 
unregulated. The Working Group therefore considered that a 
precautionary upper level of catch should be introduced for this 
western stock in 1976. 
Because the data available for the Western stock is less satisfactory 
than that for the North Sea stock the appropriate level of such 
a precautionary TAC can be estimated with rather less precision. 
Taking the estimate of the western stock in 1973 of 3 million tons, 
given in paragraph 4.2, with current recruitment levels and 
exploitation rates it is estimated that by 1976 this stock will 
have declined to a level of about 2.5 million tons. Applying the 
same optimum fishing mortality rate of 0.2, used in deriving the 
TAC for the North Sea stock, bne would get a TAC of 412 000 tons 
from the Western stock. Of this quantity, however, under the fishing 
strategy advocated above for sub-area IV and division IlIa, 117 000 
tons would be taken in sub-area IV nort~ of 60 oN. This would 
leave 295 000 tons to be taken in sub-area VI and VII in 1976. 
8. Summary 
8.1. The revised catch statistics for 1973 and preliminary ones 
for 1974 show that in the North Sea the total catch was about 
the same level in both years; with over 60% of the catch in both 
years being taken, in summer, in the Shetland area. In the 
western area the preliminary catch statistics for 1974 also 
suggest a total catch close to the 1973 level. 
8.2. The yield per recuit curve for mackerel, at the present age at 
first capture, doe~ not have a maximum which can be used in 
estimating the total allowable catch. At the present low level 
of spawning stock size for North Sea mackerel, and the low levels of 
recruitment in recent years, the Working Group concluded that the 
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optimum fishing mortality for mackerel should be estimated making 
some provision for a relationship between stock size and recruitment 
level. This gave a desirable fishing mortality level of 0.2 • 
The present fishing mortality levels in the North Sea and Western 
stocks are 0.175 and 0.10 respectively. 
8.3. The size of the North Sea stock in 1976 is estimated to be 
800 000 tons on the assumption that the fishing mortality rate 
in 1975 is maintained at the 1974 level. This will entail a 
TAC of 132 000 tons in 1976 from this stock. The size of the 
Western stock in 1976 can be estimated with m~ch less precision. 
It is likely, however, to be of the order of 2.5 million tons 
giving a TAC of about 412 000 tons. 
8.4. In sub-area IV the catch taken north of 60 0 N is composed of 
a mixture of the North Sea and Western stocks. To specify TAC's 
for ICES statistical sub-areas it is necessary therefore to 
specify how much of the total TAC for the North Sea stock should 
be taken north of 60oN. This has been rather arbitrarily taken 
as 50 ,000 tons. On this basis the TAC for mackerel in sub-area 
IV and division IlIa in 1976 is estimated as 249 000 tons and 
that for sub-areas VI and VII as 295 000 tons. 
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Table 4. 
Table 5. 
- 14 ~ 
Total mortality rates (Z) and stock size (P in 1000 t6ns) 
of North Sea mackerel for 1969 - 1973. The estimates 
of P refer to September of each year, the Z estimates 
to the following one year period. 
Year Z p 
1969 1. 05 920 
1970 0.76 720 
1971 0.36 920 
1972 0.36 129Q 
1973 0.38 1360 
Estimates of fishing mortality (F) by area for the 
North Sea stock and the Western stocks of mackerel 
in September 1973 to 1974. 
NORTH SEA STOCK vJESTERN STOCKS 
IlIa + IV IVa Total IVa VI + Total 
Area S of GOoN N of 60 0 N N of 60 0 N VII 
F 0.125 0.05 0.175 0.05 0.05 0.10 
C.M.1915/H:3 - 15 -
VIR 
(122 
0.
201 ~ le' I 
0.18 
QI& 
0.14 
0.12 
0.1 0.2 0.3 0.4 0:5 0.& 0.7 F 
Figure 1. Yield per recruit (Y/R in kg) by fishing mortality 
(F) and age at first capture (t ). 
c 
V 
b = 0.3 
le = 3 
--
o. 
le = 2 
0.1 
le = I 
T 
0.1 0.2 0.3 0.4 0.5 0.6 0.7 F 
Figure 2. Estimated sustained yield (Y in million. tons) 
by fishing mortality (F) and age at first capture 
(t ) for density-dependent recruitment. 
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